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DSK ARRAY CONTROLLER WITH PARTY 
CAPABILITES 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The present invention relates to disk drive systems 

used with computers, and more particularly to the use 
of multiple disks in an array. 

2. Description of the Related Art 10 
Personal computers have been getting ever faster and 

more powerful at a rapid rate. Significant portions of 
this advance are due to the increased speeds and data 
widths of the microprocessors currently available. Mi 
croprocessors have gone from 8 bit data widths and 15 
operating frequencies of 1 MHz to 32 bit data widths 
and basic clock rates of 33 MHz. Memory techniques 
have been developed to, in the greatest part, allow 
memory system speeds to keep up with the speed of the 
microprocessor. However, the same speed increases are 20 
not true for the various input/output and mass storage 
systems. The various peripheral devices are often now 
seen as limitations to the actual speed of a given com 
puter system. If for instance, the personal computer is 
utilized primarily for word processing applications, 25 
then higher disk performance is more important then 
processor speed in most cases and relative increase in 
the disk subsystem performance will be much more 
directly perceived then a given increase in the micro 
processor capabilities, 30 

In the past few years, a new type of mass data storage 
subsystem has emerged for improving the data transfer 
performance. This subsystem is generally known as a 
disk array subsystem. One reason for wanting to build a 
disk array subsystem is create a logical device that has 35 
a very high data transfer rate. This may be accom 
plished by ganging multiple standard disk drives to 
gether and transferring data to or from these drives to 
the system memory. If n drives are ganged together, 
then the effective data transferred rate is increased in an 40 
amount slightly less than n times. This technique, called 
"striping,” originated in the supercomputing environ 
ment where a transfer of large amounts of data to and 
from secondary storage is a frequent requirement. With 
this approach, the n physical drives become a single 45 
logical devices and may be implemented either through 
software or hardware. 
A number of reference articles on the design of disk 

arrays have been published in recent years. These in 
clude "Some Design Issues of Disk Arrays" by Spencer 50 
Ng April, 1989 IEEE; "Disk Array Systems" by Wes E. 
Meador, April, 1989 IEEE; and "A Case for Redundant 
Arrays of Inexpensive Disks (RAD)" by D. Patterson, 
G. Gibson and R. Catts, Report No. UCB/CSD 87/391, 
December, 1987, Computer Science Division, Univer- 55 
sity of California, Berkeley, Calif. 

In general these previous techniques have used sev 
eral controller boards which could access multiple 
drives over a small computer system interface (SCSI). 
Multiple SCSI controller boards were used, with multi- 60 
ple drives connected to each controller board. Software 
resident in the host computer itself performed the oper 
ation of data distribution and control of the various 
controller boards and of the specific drives on a given 
controller board. The host computer was also required 65 
to do various parity operations required as preferred in 
the techniques to reduce the amount of space related to 
error correction versus actual data storage. Thus, while 

2 
high disk transfer rates could be developed, the host 
computer was still tied up performing various control 
functions. 

Recent personal computers have developed bus ar 
chitectures which are capable of sustaining devices 
which are called "bus masters.' A bus master may take 
control of the computer system at certain times and 
transfer data between the bus master and the system 
memory without requiring the service of the main or 
host processor. The bus master can then release the bus 
back to the host processor when the transfers are not 
necessary. In this manner coprocessing tasks can be 
developed. Especially suitable for such coprocessing 
tasks are graphical displays, network interfacing and 
hard disk subsystem control. The various buses or archi 
tectures are exemplified by the Micro Channel Archi 
tecture (MCA) developed by International Business 
Machines Corporation (IBM) or the Extended Industry 
Standard Architecture (EISA). U.S. Pat. No. 5,101,492, 
filed Nov. 3, 1989, issued Mar. 3, 1992, and entitled 
"Data Redundancy and Recovery Protection", which 
appendix is hereby incorporated by reference, and fully 
explains. Thus it became obvious to place a local pro 
cessor on a separate board which could be inserted into 
these busses for disk coprocessing functions. However, 
it then became critical, particularly when combined 
with the disk arrays, to allow optimal data transfer 
capabilities without otherwise slowing down the vari 
ous devices and capabilities. 

SUMMARY OF THE INVENTION 

The present invention provides a disk array control 
ler with improved parity development. The systern 
operates as a bus master in a personal computer. To this 
end there is a local processor to handle and control 
operations in the disk array controller. The local pro 
cessor interfaces with a bus master controller and with 
a data transfer controller. The data transfer controller 
also interfaces with the bus master controller. The bus 
master controller is used to provide disk subsystem 
access to the host computer system for transferring disk 
commands and data. 
A second avenue of obtaining and returning data and 

commands to the host system is through a compatibility 
controller. The compatibility controller is also linked to 
the transfer controller. Additionally, up to 8 individual 
hard disk drives, which have integrated device control 
lers, are linked to the transfer controller. Finally, an 
amount of transfer buffer memory is coupled to the 
transfer controller. 
The transfer controller operates as a direct memory 

access (DMA) controller having four main channels. 
The main channels are connected to the bus master 
controller the local processor, the compatibility con 
troller and a disk interface controller. The disk channel 
is broken down into four subchannels. One of the disk 
subchannels includes an XOR subsystem to allow effi 
cient development of the parity information preferably 
used for data protection. The data which is transferred 
between the host system and the disk array is contained 
in the buffer RAM and is shuttled to and from the buffer 
RAM by the transfer controller under control of the 
local processor and the bus master controller. By prop 
erly organizing the transfers parity data can be rapidly 
obtained. 
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BRIEF DESCRIPTION OF THE FIGURES 
A better understanding of the present invention can 

be obtained when the following detailed description of 
the preferred embodiment is considered with the fol- 5 
lowing drawings, in which: 
FIG. 1 is block diagram of a disk array controller 

according to the present invention; 
Flo. 2 is a block diagram of the transfer controller of 

F.G. 1; 10 
FIGS. 3, 4 and 5 are more detailed block diagrams of 

portions of the transfer controller of FIG. 1; 
FIG. 7 is a timing diagram of portions of the circuitry 

of the transfer controller of FIG. 1; 
FIGS. 6 and 8-15, 16A, 16B and 17-21 are schematic 15 

diagrams of portions of the transfer controller of FIG. 
1, including XOR circuitry; and 
FIGS. 22A, 22B, 22C, 22D, 23A, 23AA, 23B, 23BB, 

24A, 24B, 25A, 25B, 25C and 25D are schematic illus 
trations of data flow in the disk array controller of FIG. 20 
1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, the letter D general repre- 25 
sents a disk array controller according to the present 
invention. The disk array controller D has a local pro 
cessor 30, preferably an 80186 manufactured by Intel 
Corporation (Intel). The local processor 30 has a multi 
plexed address/data bus UAD and control outputs UC. 30 
The multiplexed address/data bus UAD is connected to 
a transceiver 32 whose output is the local processor data 
bus UD. The multiplexed address/data bus UAD is also 
connected to the D inputs of a latch 34 whose Q outputs 
form the local processor address bus UA. The local 35 
processor 30 has associated with it random access mem 
ory (RAM) 36 coupled via the multiplexed address 
Mdata bus UAD and the address bus UA. The RAM 36 
is connected to the processor control bus UC to develop 
proper timing signals. Similarly, read only memory 40 
(ROM) 38 is connected to the multiplexed address/data 
bus UAD, the processor address bus UA and the pro 
cessor control bus UC. Thus the local processor 30 has 
its own resident memory to control its operation and for 
its data storage. A programmable array logic (PAL) 45 
device 40 is connected to the local processor. control 
bus UC to develop additional control signals utilized in 
the disk array controller D. 
The local processor address bus UA, the local proces 

sor data bus UD and the local processor control bus UC 50 
are also connected to a bus master integrated controller 
(BMIC) 42. The BMIC 42 serves the function of inter 
facing the disk array controller D with a standard bus, 
such as the EISA or MCA bus and acting as a bus mas 
ter. In the preferred embodiment the BMIC 42 is inter- 55 
faced with the EISA bus and is the 82355 provided by 
Intel. Thus by this connection with the local processor 
buses UA, UD and UC the BMIC 42 can interface with 
the local processor 30 to allow data and control infor 
mation to be passed between the host system and the 60 
local processor 30. 

Additionally, the local processor data bus UD and 
local processor control bus UC are connected to a trans 
fer controller 44. The transfer controller 44 will be 
explained in more detail, but is generally a specialized, 65 
multichannel direct memory access (DMA) controller 
used to transfer data between the transfer buffer RAM 
46 and the various other devices present in the disk 

4. 
array controller D. For example, the transfer controller 
44 is connected to the BMIC 42 by the BMIC data lines 
BD and the BMIC control lines BC. Thus over this 
interface the transfer controller 44 can transfer data 
from the transfer buffer RAM 46 through the transfer 
controller 44 to the BMIC 42 if a read operation is 
requested. If a write operation is requested data can be 
transferred from the BMIC 42 through the transfer 
controller 44 to the transfer buffer RAM 46. The trans 
fer controller 44 can then pass this information from the 
transfer buffer RAM 46 to disk array A. 
The transfer controller 44 includes a disk data bus 

DD and a disk address and control bus DAC. The disk 
data bus DD is connected to transceivers 48 and 50. The 
disk address and control bus DAC is connected to two 
buffers 64 and 66 which are used for control signals 
between the transfer controller 44 and the disk array A. 
The outputs of the transceiver 48 and the buffer 64 are 
connected to two disk drive port connectors 52 and 54. 
These port connectors 52 and 54 are preferably devel 
oped according to the integrated device interface uti 
lized for hard disk units. Two hard disks S6 and 58 can 
be connected to each connector 52 or 54. In a similar 
fashion, two connectors 60 and 62 are connected to the 
outputs of the transceiver 50 and the buffer 66. Thus in 
the preferred embodiment 8 disk drives can be con 
nected or coupled to the transfer controller 44. In this 
way the various data, address and control signal can 
pass between the transfer controller 44 and the particu 
lar disk drives 56 and 58, for example. 

In the preferred embodiment a compability port con 
troller 64 is also connected to the EISA bus. The com 
patibility port controller 64 is connected to the transfer 
controller 44 over the compatibility data lines CD and 
the compatibility control lines CC. The compatibility 
port controller 64 is provided so that software which 
was written for previous computer systems which do 
not have a disk array controller D and its BMIC 42, 
which is addressed over a EISA specific space and 
allows very high throughputs, can operate without 
requiring rewriting of the software. Thus the compati 
bility port controller 64 emulates the various control 
ports previously utilized in interfacing with hard disks. 
The transfer controller 44 is itself comprised of a 

series of separate circuitry blocks as shown in FIG. 2. 
There are two main units in the transfer controller 44 
and these are the RAM controller 70 and the disk con 
troller 72. The RAM controller 70 has an arbiter to 
control which of the various interface devices have 
access to the RAM 46 and a multiplexer so that data can 
be passed to and from the buffer RAM 46. Likewise, the 
disk controller 72 includes an arbiter to determine 
which of the various devices has access to the inte 
grated disk interface 74 and includes multiplexing capa 
bility to allow data to be properly transferred back and 
forth through the integrated disk interface 74. 
There are basically seven DMA channels present in 

the transfer controller 44. One DMA channel 76 is 
assigned to cooperate with the BMIC 42. A second 
DMA channel 78 is designed to cooperate with the 
compatibility port controller 64, These two devices, the 
BMIC 42 and the compatibility port controller 64, are 
coupled only to the RAM 46 through their appropriate 
DMA channels 76 and 78 and the RAM controller 70. 
The BMIC 42 and the compatibility port controller 64 
do not have direct access to the integrated disk interface 
74 and the disk array A. The local processor 30 is con 
nected to the RAM controller 70 through a local pro 
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cessor RAM channel 80 and connected to the disk con 
troller 72 through a local processor disk channel 82. 
Thus the local processor 30 connects as both the buffer 
RAM 46 and the disk array A as desired. 

Additionally, there are four DMA disk channels 84, 
86, 88 and 90. These four channels 84-90 allow informa 
tion to be independently and simultaneously passed 
between the disk array A and the RAM 46. It is noted 
that the fourth DMA/disk channel 90 also includes 
XOR capability so that parity operations can breadily 
performed in the transfer controller 44 without requir 
ing computations by the local processor 30. 
FIG. 3 is a block diagram of the RAM controller 70 

showing the various blocks in the RAM controller 70 
and the signals related to each of the blocks. An arbiter 
100 receives inputs relating to the various DMA chan 
nels which can request data from the transfer buffer 
memory 46. With this information, as well as basic 
clocking signal CLK, the arbiter 100 produces ac 
knowledged signals to the various DMA channels to 
indicate that they are active and can access the buffer 
RAM 46. The arbiter 100 also produces grant signals 
which are connected to a RAM direction multiplexer 
102, which has an output connected to a RAM control 
block 104. The RAM direction multiplexer 102 receives 
inputs which indicate the direction of data transfer for 
each appropriate DMA channel. Preferably the direc 
tion bits is high or 1 for a write to the transfer buffer 
RAM 46 and low or 0 for a read. Thus based on the 
active devices as indicated by the arbiter 100, the RAM 
direction multiplexer 102 provides the RAMDIR signal 
to the RAM controller 104. With this signal and the 
CLK signal the RAM controller 104 produces ROE 
and RWE", respectively the RAM output enable and 
RAM write enable, signals which are applied to the 
transfer buffer RAM 46 to allow its proper operation. 

Additionally, the arbiter 100 produces an encoded 
3bit multiplexer signal which is supplied to a RAM 
address multiplexer 106 and a RAM data multiplexer 
108. These multiplexers 106 and 108 respectively multi 
plex the addresses provided by the particular DMA 
channel to the transfer buffer RAM 46 and the data 
being supplied from the DMA channel to the transfer 
buffer RAM 46. Data being read from the transfer 
buffer RAM 46 to a particular DMA channel is routed 
in a bus (not shown) within the transfer controller 44, 
with the particular DMA channel latching the data at 
the appropriate time, Details of the arbiter 100 and the 
RAM controller 104 will be provided. 

O 

15 

20 

25 

30 

35 

45 

Shown in FIGS. 4 and 5 are more detailed views of 50 
the BMIC DMA channel 76, the CPC DMA channel 
78, the local processor RAM channel 80, the local pro 
cessor disk channel 82, the disk DMA channels 84, 86 
and 88, the parity or disk 3 DMA channel 90 and the 
disk controller 72. These blocks indicate the various 
signals which are provided to and from the particular 
block and are provided to develop and indicate the 
interconnection between the various blocks and the 
appropriate signals. The n is used for the DMA chan 
nels 84, 86 and 88 with the value n having the value 
from 0, 1 or 2 depending upon the particular disk chan 
nel desired. These three disk channels 84, 86 and 88 are 
identical in construction and operation. 
The arbiter 100 is shown in more detail in FIG. 6. The 

local processor 30 has the highest priority in the arbitra 
tion scheme. To this end, a signal referred to as 
UPDRQ or local processor DMA request is provided 
to the input of an inverter 120. The output of the in 

55 

60 

65 

, 6 

verter 120 is referred to as the UGNTB signal and is 
provided to the inverting input of a D-type flip-flop 122. 
The clocking signal for the flip-flop 122 is provided by 
the CLK signal, which in the preferred embodiment is a 
20 MHz signal. The noninverted output of the flip-flop 
122 is the UPDACK signal or local processor DMA 
acknowledge. The UGNTB' signal is also connected to 
the input of an inverter 124, whose output is the UGNT 
signal to indicate that the local processor 30 has been 
granted access. 
The compatibility port controller 64 has the second 

highest priority. The CDRQ signal to indicate its data 
request is connected to one input of a 2 input NAND 
gate 126, whose other input is the UGNTB' signal. The 
output of the NAND gate 126 is the CGNTB signal, 
which is provided to the inverted D input of a D-type 
flip-flop 128 and to the input of an inverter 130. The 
output of the inverter is the CGNT signal. The nonin 
verted output of the flip-flop 128 is the CREQDLY 
signal, which indicates that the request has been ac 
knowledged. The flip-flop 128 is clocked by the CLK 
signal. 
The CDRQ signal is also supplied to the input of an 

inverter 132 whose output is connected to one input of 
a 4 input AND gate 134. The AND gate 134 is associ 
ated with the BMIC 42, which has third priority. One of 
the inputs to the AND gate 134 is the BDRQ signal to 
indicate a data request from the BMIC 42. A second 
input is the output of an inverter 136 whose input re 
ceives the BCHB signal, which indicates that the appro 
priate channel in the BMIC 42 is requesting the data 
transfer. The fourth input of the AND gate 134 is con 
nected to the output of the inverter 120 so that if the 
local processor issues a request it can override the re 
quest of the BMIC 42. The output of the AND gate 134 
is the BGNT signal or BMIC grant signal and is con 
nected to the input of an inverter 138. The output of the 
inverter 138 is connected to the inverted D input of a 
D-type flip-flop 140 whose clocking input is connected 
to the CLK signal. The noninverted output of the flip 
flop 140 is the BREQDLY signal which is used to indi 
cate that the BMIC 42 request has been acknowledged. 
The DODRQ signal which indicates that the disk 0 

DMA channel is requesting a data transfer is connected 
to one input of a 4 input NAND gate 142. One of the 
inputs to the NAND gate 142 is connected to the output 
of inverter 144, whose input is the BDRQ signal. The 
other two inputs to the NAND gate 142 are the output 
of the inverters 120 and 132. The output of the NAND 
gate 142 is the D0CNTB' signal which is provided to 
the inverted D input of a flip-flop 146 and to the input 
of an inverter 148. The output of the inverter 148 is 
D0GNT signal. The clocking signal for the flip-flop 142 
is provided by the CLK signal and the noninverted 
output of the flip-flop 146 produces the DODACK sig 
nal. 
The D1DRQ signal, indicating a request for data 

transfer from the disk DMA channel 1 is provided as 
one input to a 5 input NAND gate 150. One of the 
inputs to the NAND gate 150 is the output of an in 
verter 152 whose input is the DODRO signal. The re 
maining three inputs to the NAND gate 150 are con 
nected to the outputs of the inverters 120, 132 and 144. 
The output of the NAND gate 150 is the D1GNTB 
signal, which is provided to the inverted D input of a 
D-type flip-flop 154 and to the input of an inverter 156. 
The output of the inverter 156 is the D1GNT signal. 
The clocking signal of the flip-flop 154 is provided by 
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the CLK signal, while the noninverted output produces 
the D1DACK signal. 
The D2DRQ signal, which indicates a DMA request 

by the third channel of the DMA to disk transfer unit is 
connected to one input of a 6 input NAND gate 158. 
One input to a NAND gate 158 is connected to the 
output of a inverter 160 whose input is the DDRQ 
signal. The remaining four inputs to the NAND gate 
158 are connected to the output of the inverters 120, 
132,144 and 152. The output of the NAND gate 158 is 
the D2GNTB signal which is provided to the inverted 
D input of a D-type flip-flop 162 and to the input of an 
inverter 164. The output of the inverter is the D2CNT 
signal to indicate a grant request to the third channel. 
The clocking signal for the flip-flop 162 is provided by 
the CLK signal and the noninverted output produces 
the D2DACK signal. 
The D3DRQ signal which indicates that the final 

DMA/disk channel is requesting information supplied 
as one input to a 7 input NAND gate 166. One of the 
inputs to the NAND gate 166 is provided by the output 
of an inverter 168 whose input is connected to the 
D2DRQ signal. The remaining five inputs to the 
NAND gate 166 are provided by the outputs of the 
inverters 120, 132, 144, 152 and 160. Thus the fourth 
channel of the DMA to disk transfer system has the 
lowest priority. The output of the NAND gate 166 is 
the D3GNTB signal which is provided to the inverted 
D input of a D-type flip-flop. 170 and to the input of an 
inverter 172. The output of the inverter 172 is a 
D3GNT signal, with clocking signal provided to the 
flip-flop. 170 being the CLK signal. The noninverted 
output of the flip-flop. 170 produces the D3DACK sig 
nal. 
The arbiter 100 also produces a 3 bit binary code 

which is supplied to various multiplexers for properly 
multiplexing RAM write data and transfer buffer RAM 
addresses. This multiplexer encoding is developed by 
the outputs of three D-type flip-flops 174, 176 and 178. 
The D-type input of the flip-flop. 174 is connected to the 
output of a 4 input NAND gate 180 whose four inputs 
receive the UGNTB signal, the BGNTB signal, 
D1GNTB signal and the D3GNTB* signal. The D 
input of the second flip-flop. 176 is connected to the 
output of a 4 input NAND gate 182. The four signals 
provided to the inputs of the NAND gate 182 are the 
CGNTB signal, the BGNTB* signal, the D2GNTB' 
signal and the D3GNTB' signal. The D input to the 
third flip-flop. 178 is connected to the output of a four 
input NAND gate 184. The four signals provided to the 
NAND gate 184 are the D0GNTB signal, the 
D1GNTB signal, the D2GNTB' signal and the 
D3GNTB signal. The three flip-flops 174, 176 and 178 
are clocked by the CLK signal. 

Because the DMA transfers can be both read and 
write transfers to the transfer buffer memory 46 it is 
necessary to know which direction the transfer is to go, 
is it to be a read or is it to be a write. There is a bit in a 
register associated with each particular DMA channel 
which indicates the direction of the transfer and the 
RAM direction multiplexer 102 multiplexes the proper 
direction bit to form the RAMDIR signal. The RAM 
DIR signal is provided to the D input of a D-type flip 
flop 200 (FIG. 8). The clocking input to the flip-flop 200 
is provided by the CLK signal, which is also provided 
to the input of an inverter 202. The output of the in 
verter 202 is connected to one input of a 2 input NAND 
gate 204 whose other input is connected to the nonin 
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8 
verted output of the flip-flop 200. The output of the 
inverter 204 is the RWE' signal, which is supplied to 
the write enable input of the memory devices forming 
the transfer buffer RAM 46. The inverted output of the 
flip-flop 200 is connected to a five series inverters 206, 
208, 210, 212 and 214. The output of the final inverter 
214 in the string is the ROE signal which is provided 
to the output enable inputs of the memory devices form 
ing the transfer buffer RAM 46. 
The circuitry of the DMA channels 84, 86 and 88, 

which are the disk DMA channels 0, 1 and 2, is shown 
in FIGS. 9 and 10. A 16 bit loadable up counter 220 is 
used to store and develop the transfer buffer RAM 46 
address for the DMA transfer from the transfer buffer 
46 to the disk array A. The parallel inputs to the counter 
220 are provided from the UDI (15 . . . 0> signals, 
which are the input form of the local processor data bus 
UD. In this description a bidirectional bus, particularly 
a data bus, developed internally in the transfer control 
ler 46 has input and output directions, and are referred 
to using suffixes of the letters I and O appropriately. 
These values are loaded when a low level signal appears 
on the LA signal, which is based on an address decode 
of the address provided by the local processor 30. A 
particular register in the transfer controller 44 is ad 
dressed by the local processor 30 by means of the local 
processor data lines UD and the local processor control 
bus UC. Because the local processor data lines UD are 
developed through a transceiver 32 from the multi 
plexed address/data lines UAD, 16 bits of multiplexed 
address information is still present on these lines during 
portions of the cycle. This address information, com 
bined with a control signal in the local processor con 
trol bus UC, is used to develop an address for a selection 
of a register in the transfer controller 44. One of these 
registers is the particular disk DMA channel address 
counter 220. The carry input to the counter 220 is con 
nected to a SETCRY signal which is provided by a 
register writable by the local processor 30 to indicate 
whether a carry is to be utilized for various counters. 
The clocking signal for the address counter 220 is pro 
vided by the output of an inverter 222 whose input is the 
DnACK signal. Thus each time the disk channel is 
granted control of the transfer buffer RAM 46 the ad 
dress counter increments. 

It is also necessary to know the number sectors to be 
transferred and the number of words in a particular 
sector for the disk. To this end a disk channel transfer 
down counter 224 is connected to the local processor 
data bus UDI <15 ... 10> lines so that 6 bits are pro 
vided to this transfer counter 224. Additionally, the 
lower 10 bits UDI <9... 0d are provided to the inputs 
of a 10 bit latch 226. The inverted load input of the 
down counter 224 and the inverted enable input of the 
latch 226 are connected to the LC signal, which is an 
indication that the number of transfers and words to be 
transferred has been provided to the disk channel. The 
clocking signal for the transfer counter 224 is provided 
by the output of an inverter 228 whose input is the 
DnDACK signal. This signal indicates that a word has 
been transferred to the disk array A. The down counter 
224 has a 0 detection inverted output which is con 
nected to the input of an inverter 230, whose output is 
the XFODET signal which is used for developing an 
interrupt to the local processor 30 to indicate that the 
requested operation has been completed. It is noted that 
the transfer down counter 224 is enabled for down 
counting only during certain intervals based on a down 
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count disable input provided by the WCODET signal, 
which is an indication that the sector size or word count 
has decremented to 0 and thus it is appropriate to de 
crease the number sectors or word blocks being trans 
ferred. 
A specific word counter is developed using the latch 

226, whose outputs are connected to the inputs of a 
loadable down counter 232, which is the disk channel 
word counter, perferably the number of words to be 
transferred in a given sector. The clocking input to this 
counter 232 is the WCCLK signal produced by the 
inverter 228. Additionally, the SETCRY signal is pro 
vided to the counter 232 for carry purposes. The 
counter 232 also has a 0 detection output so that when 
this output is connected to the inverted input of a latch 
234, the latch 234 having the DnDACK signal provided 
to the inverted gating input, the output signal is a 
latched version of the 0 detection of the counter 232. 
The inverted output of the latch 234 produces the 
WCODET signal which is used to enable the transfer 
counter 224 to be decremented. The WCODET signal 
is also provided to the input of an inverter 236 whose 
output is the WCODET signal. 
The inverted 0 detector output is also connected to 

the inverted D input of a D-type flip-flop 238, whose 
clocking input is the DnDACK signal. The inverted 
output of the flip-flop 238 is provided to one input of a 
2 input OR gate 240, the other input being connected to 
the SETCRY signal. The output of the OR gate 240 is 
connected to one input of a 2 input AND gate 242, 
whose other input is connected to the LC' signal. The 
output of the AND gate 242 is connected to the in 
verted load input of the counter 232. In this case, when 
ever the transfer count values are loaded by the local 
processor 30 or count down to 0, the counter 232 is 
reloaded on the next transfer in a disk cycle. The in 
verted set input of the flip-flop 238 is connected to the 
RSTDCH signal, the RESET disk channel signal. 
The RSTDCH signal is produced as the output of an 

inverter 244 whose input receives the RSTDCH sig 
nal. The RSTDCH signal is produced by the output of 
a 2 input AND gate 246, one of whose inputs receives 
the LA signal and the other of whose inputs is con 
nected to the output of a inverter 248, The input of the 
inverter 248 is the RST signal which indicates that the 
host computer system is being reset. Thus whenever 
new address values are provided to the disk channel or 
the system is reset the RSTDCH signal goes low to 
clear the channel. 

Each disk channel 84, 86 and 88 includes staging 
registers for disk reads and disk writes to allow for the 
asynchronous operations between the transfer buffer 
RAM 46 and the disk array A. In this manner the trans 
fer buffer RAM 46 can be multiplexed between the 
numerous channels to allow more simultaneous opera 
tion of the various channels. For information being read 
from the disk array, the disk data input lines DDI <15. 
... 0d are provided to the D input of a 16 bit flip-flop 
250. The clocking input to the flip-flop 250 is provided 
by the output of a 2 input NAND gate 252 whose inputs 
are the DnDACK and the DnDIR signals. Thus if the 
disk array A is responding and a disk read operation is 
requested, data is strobed into the disk read register 250. 
The data outputs of the flip-flop 250 are provided to the 
transfer buffer RAM multiplexer 108 for presentation to 
the transfer buffer RAM 46. Similarly, a disk write 
register is developed using a 16 bit flip-flop 254. The D 
inputs to the flip-flop 254 are connected to the RAM 
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data inputs RDI <15... 0). The clocking signal of the 
flip-flop 254 is provided by a delayed version of the 
output of a 2 input OR gate 256. One input to the OR 
gate 256 is the DnDIR signal to indicate transfer direc 
tion, while the other input is the ADRCLK" signal 
which is provided as the output of the inverter 222. The 
output of the flip-flop 254 is provided to the disk con 
troller and multiplexer 72 for presentation to the disk 
data lines DD when appropriate. 

Control logic is also associated with each disk DMA 
channel and is shown in FIG. 10. This logic provides 
the various request signals necessary to institute a trans 
fer from the RAM 46 to the transfer controller 44 and 
between the disk array A and the transfer controller 44. 
Also the logic develops the interrupt provided to the 
local processor to indicate transfer operation comple 
tion, 

Prior to commencing operation it is appropriate to 
first understand how the hard disk unit and the disk 
array A function. Various controls and commands are 
sent to the particular hard disk which performs the 
indicated command or operation and then returns an 
interrupt signal to indicate that the command has been 
processed and completed or that the hard disk unit is 
ready to transfer data. This is particularly true in read 
operations where data is being obtained from the hard 
disk unit. Write operations, where data is being written 
to the hard disk unit, can commence without this inter 
rupt because data is initially just provided to the sector 
buffer RAM located on the hard disk unit. Interrupts 
are developed in that case only after the first of the 
requested sectors is available from the disk drive's 
buffer memory. Thus to perform a read operation the 
local processor 30 issues a command to the particular 
hard disk through the local processor disk channel 82. 
The hard disk drive performs the operation and then 
indicates to the transfer controller 44 by means of an 
interrupt that a data block is ready. The local processor 
30 will have previously programmed the particular 
DMA channel for operation by first supplying the 
proper address in the transfer buffer RAM 46 and pro 
viding the transfer and word count information. Once 
the transfer and word count information has been pro 
vided, the channel is enabled for operation pending 
receipt of the interrupt from the hard disk. 

In a write operation the local processor 30 provides 
the commands through the local processor disk channel 
82 to set up the hard disk for the receipt of data. The 
local processor 30 then sets up the address value in the 
disk channel and then provides the count information. 
Because the direction bit will have been set to indicate 
a write to disk, upon receiving the count information 
the transfer will automatically commence to the hard 
disk unit. 
The interrupt from the disk array A, the DINT sig 

nal, is provided to the D input of a D-type flip-flop. 260. 
The clocking input to the flip-flop 260 is provided by 
the output of an inverter 262, whose input is connected 
to the CLK signal. The noninverted output of the flip 
flop. 260 is provided to the D input of a second D-type 
flip-flop 264, whose clocking input is also connected to 
the output of the inverter 262. The noninverted output 
of the inverter 264 and 260 are provided as the two 
inputs to a 2 input AND gate 266, whose input is pro 
vided to the D input of a D-type flip-flop. 268. The 
flip-flop. 268 is clocked by the output of the inverter 262. 
The low true or inverted clear inputs to the three flip 
flops 260,264 and 266 are connected to the LC* signal 
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so that they are cleared when a count value is obtained, 
thus readying the control logic for operation upon the 
receipt of the interrupt or to detect an interrupt if one is 
already present. 
The noninverted output of the flip-flop. 268 is pro 

vided to the clocking input of a D-type flip-flop. 270, 
The D input of the flip-flop. 270 is provided by the 
noninverted output of a D-type flip-flop. 272. The D 
input to the flip-flop. 272 is connected to a l or high 
logic level, while the clocking input is provided by the 
LC signal. The inverted clear input of the flip-flop. 272 
is connected to the output of an inverter 274, whose 
input is connected to the output of a 2 input NAND 
gate 276. One input to the NAND gate 276 is the 
RSTDCH signal, which indicates that the channel is 
being reset. The second input to the NAND gate 276 is 
the DnDONEB signal which indicates that the desired 
transfer has been completed. The DnDONEB' signal is 
provided by the inverted output of a D-type flip-flop 
278. 
The D input to the flip-flop. 278 is connected to the 

output of a 2 input OR gate 280. One input to the OR 
gate 280 is connected to the noninverted output of the 
flip-flop. 272 while the other input is connected to the 
noninverted output of the flip-flop. 278. The clocking 
signal for the flip-flop. 278 is provided by the output of 
a three input NAND gate 282. The inputs to the NAND 
gate are the DnDACK signal, the XFODET signal and 
the WCODET signal. Thus, whenever both counters 
224 and 232 have counted down to 0 and the disk ac 
knowledge signal is received, then this is an indication 
that the transfer is done and the DnDONE signal is 
developed at the noninverted output of the flip-flop 278, 
This signal is also provided as one input to a 2 input 
AND gate 284. The second input to the AND gate 284 
is the DIMASK signal, that is the disk interrupt mask 
signal, which is the output of a register accessible to the 
local processor 30. The output of the AND gate 284 is 
the LDINT interrupt which is provided to the local 
processor 30 to indicate that the transfer has been com 
pleted, 
The DnDIRB signal is provided to the D input of a 

D-type flip-flop 286. The clocking input to the flip-flop 
286 is the LC signal. The inverted output of the flip 
flop 286 is provided as one input to a 2 input NAND 
gate 288. The second input to the NAND gate 288 is the 
inverted output of the flip-flop. 270. The output of the 
NAND gate 288 is the XFEREN or transfer enable 
signal. Thus it can be seen that when data is being writ 
ten to the disk array A, the transfer is enabled immedi 
ately upon writing the counter value, whereas in a read 
operation the transfer is not enabled until the interrupt 
is received back from the hard disk. The flip-flops 286 
and 270 have their inverted clear inputs connected to 
the output of a 2 input NOR gate 290. One input to the 
NOR gate 290 is connected to the output of a 2 input 
AND gate 292. The inputs of the AND gate 292 re 
ceives the WCODET signal and the DnDACK signal, 
so that the transfer is halted at each zeroing of the word 
counter 232. The transfer of the next block in either the 
read or write case is initiated when the next interrupt is 
received from the disk array A. This triggering assumes 
that the local processor 30 has cleared the disk array 
interrupt from the previous interrupt or, in the pre 
ferred case, that the disk drive has cleared the interrupt 
itself. 
The output of the NAND gate 288, the XFEREN 

signal, is connected to the D input of a D-type flip-flop 
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2.94. The clocking input of the flip-flop. 294 is provided 
by the output of an inverter 296, whose input receives 
the CLK signal. The noninverted output of the flip-flop 
294 is connected to the D input D-type flip-flop. 298, 
whose clocking signal is provided by the output of the 
inverter 296. The noninverted output of the flip-flop 
298 and the noninverted output of the flip-flop. 294 are 
provided to the inputs of a two input AND gate 300, 
whose output is connected to the D input of a D-type 
flip-flop 302. The clocking input of the flip-flop 302 is 
provided by the output of the inverter 296. The in 
verted clear inputs to the three flip-flops 294, 298 and 
302 are provided by the output by the NOR gate 290. 
Thus the output of the AND gate 300, when transfer 
operation is enabled, is latched by the flip-flop 302 until 
the word count is completed, the transfer is done or the 
channel is reset. 
The noninverted output of the flip-flop 302 is pro 

vided as one input to a four input NAND gate 304. One 
input to the NAND gate 304 is the DnDIRB' signal 
that is the inverted direction signal. A third input to the 
NAND gate 304 provided by the noninverted output of 
a D-type flip-flop 306. The D input of the flip-flop 306 
is connected to the inverted output of the flip-flop 306 
with the inverted clear input being connected to the 
RSTDCH" signal. The clocking input of the flip-flop 
306 is connected to the output of a two input NOR gate 
308. One input to the NOR gate 308 is the DnACK 
signal, while the other input is the noninverted output 
of a D-type flip-flop 310. The D input of the flip-flop 
310 is the DnDGNT signal which is an indication that 
the particular DMA channel has access to the disk array 
A. The clocking input of the flip-flop. 310 is connected 
to the CLK signal. The fourth input to the NAND gate 
304 is connected to the inverting output of the flip-flop 
30. 
The noninverted output of the flip-flop 302 is also one 

input to a second four input NAND gate 312. The 
DnDIR signal is one input to the NAND gate 312 while 
the inverted output of the flip-flop. 310 is a third input to 
the NAND gate 312. The fourth input to the NAND 
gate 312 is provided by the inverted output of the flip 
flop 306, which indicates that the reading channel is 
active. The outputs of the NAND gates 304 and 312 are 
connected to the inputs of a two input NAND gate 314 
whose output is the DREQIN signal. This output is 
connected to the D input of a D-type flip-flop 316. The 
clocking signal for the flip-flop 316 is CHCLK signal 
which is the clocking signal used to advance the partic 
ular DMA disk channel having access to the disk array 
A. The output of the flip-flop 316 is the DnREQ signal 
which is an indication that the particular disk channel is 
requesting a transfer of data with the disk array A. 
The noninverted output of flip-flop 302 is also pro 

vided as one input to a 3 input NAND gate 318. The 
second input to the NAND gate 318 is the inverted 
output of the flip-flop 306, while the third input is the 
DnDIRB' signal. The noninverted output of the flip 
flop 306 and DnDIR signals are the two inputs to a 2 
input NAND gate 320. The outputs of the NAND gates 
318 and 320 are provided as the two inputs to a 2 input 
NAND gate 322 whose output is provided to the D 
input of a D-type flip-flop 324. The clocking signal for 
the flip-flop 324 is provided by the CLK signal and the 
noninverted output is the DnDRQ signal which indi 
cates that a RAM data transfer request is pending. The 
DnACK signal is provided as one input to a 2 input 
NOR gate 326, whose other input is the RSTDCH 
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signal. The output of the NOR gate 326 is provided to 
the inverted clear input of the flip-flop 324 so that when 
a word has been transferred or the channel is reset the 
transfer request is cleared until the next CLK cycle. 
Thus requests alternate between the flip-flops 316 and 

324 based on the toggling of the flip-flop 306. In this 
manner the data is properly provided in the data staging 
registers before being transferred to the transfer buffer 
RAM 46 or the disk array A. 
The parity channel 90 is configured slightly differ 

ently then the other three disk channels 84, 86 and 88 
because of the need to include the parity generation 
circuitry. Like devices are numbered the same between 
the two sets of circuitry, with a prime indicating parity 
channel device Transfer counter 224 (FIG. 11) and 
word register 226' and counter 232' circuitries are gen 
erally the same except that the clocking signals are 
slightly different. The clocking signal provided to the 
counter 224 and counter 232 are provided by the output 
of an inverter 330. The input to the inverter 330 is pro 
vided by the output of a 2 input NAND gate 332. One 
input to the NAND gate 332 is provided by the output 
of a 2 input NAND gate 334. The inputs to the NAND 
gate 334 are the D3DACK signal and the PARWRR' 
signal. The PARWRR signal is active low when the 
parity data is to be written into the transfer buffer RAM 
46. The second input to the NAND gate 332 is provided 
by the output of a 2 input NAND gate 336. The two 
inputs to the NAND gate 336 are the PX signal and the 
PARWRR signal. The PX signal is described later. 
As a further difference the second input to the two 

input OR gate 244 is received from the inverted output 
of a D-type flip-flop 338. The inverted D input of the 
flip-flop 338 is connected to the inverted 0 detection 
output of the counter 232", while the inverted set input 
of the flip-flop 338 is connected to the RSTPCH sig 
nal. The clocking input to the flip-flop 338 is connected 
to the output of the NAND gate 332, which is different 
from the flip-flop 238 which receives its clocking input 
from the DNDACK signal. 
The data handling portion of the parity channel 90 is 

also different. Data is received from the disk data chan 
nel lines DDI <15 . . . 0 to the inputs of a 16 bit flip 
flop 340. The clocking signal for the flip-flop 340 is 
provided by the output of an inverter 342 whose input 
receives the D3DACK signal. The inverted reset inputs 
of the counters 224 and 232' and the flip-flop 340 are 
provided by the output of an inverter 344, whose input 
is the RST signal. The output of the inverter 344 is also 
connected to one input of a 2 input AND gate 346 
whose other input receives the LD3A' signal, which 
indicates that the transfer buffer RAM address for this 
parity channel 90 is being loaded. The output of the 
AND gate 346 is the RSPCH signal and is provided to 
the input of an inverter 348, whose output is the 
RSTPCH signal. The output of the flip-flop 340 is pro 
vided to one input of a 16 bit 2 to 1 multiplexer 350. The 
output of the multiplexer 350 is provided to the multi 
plexer which multiplexes data to the transfer buffer 
RAM 46. The select input of the multiplexer 350 is 
provided by the output of a 2 input NAND gate 352, 
whose inputs are the PAREN signal and the PARDIR 
signal. The PAREN signal indicates when high that the 
parity mode operation is enabled, while the PARDIR 
signal indicates whether the parity information is to be 
written to the transfer buffer RAM 46 or to the disk 
array A. The output of the NAND gate 352 is also 
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provided to the input of an inverter 354 which has the 
PARWRR signal as its output. 
The second channel input of the multiplexer 350 is 

provided by the output on a 16 bit flip-flop 356 whose 
inputs are connected to the output of a second 16 bit 2 
to 1 multiplexer 358. The clocking signal for the flip 
flop 356 is provided by a delayed version of the 
DACKCLK signal. The delay is provided so that the 
read data provided from the RAM has sufficient time to 
pass through various devices before appearing at the 
flip-flop 356. The DACKCLK signal is produced at the 
output of a buffer 391. The input of the buffer 391 is 
connected to a two input OR gate 390. One input of the 
OR gate 390 receives the CLK signal, while the second 
input is connected to the output of an inverter 389. The 
inverter 389 receives the D3ACK signal. The multi 
plexer 358 has the A channel or first inputs connected to 
the transfer buffer RAM data bus RDI <15 . . . 0>, 
while the channel B inputs are connected to the output 
of 16 parallel XOR gates 360. The 16 bits of the transfer 
buffer RAM data bus RDI <15 ... 0d are provided to 
one input of the XOR gates 360, while the 16 bits output 
by the flip-flop 356 are provided to the second input of 
the XOR gates 360. The select input for the multiplexer 
358 is provided by the PAREN signal. Thus in this 
manner the data which was developed on the previous 
access is combined with the presently received informa 
tion from the transfer buffer RAM 46 by the XOR gates 
360 and provided back to the flip-flop 356 for storage 
when parity operation is enabled. Thus by successively 
bringing data from each of the desired channels for 
which parity information is developed into the parity 
channel, the parity data is cumulatively developed in 
the flip-flop 356. When all of the desired channels have 
been read and parity information developed, then this 
information can be written to the transfer buffer RAM 
46 or the disk array A as desired. The outputs of the 
flip-flop 356 are also provided to the multiplexer which 
supplies data to the disk array data bus DD. Finally, the 
outputs of the flip-flop 356 are provided to a 16 bit equal 
to zero comparator or detector 362. The clocking signal 
for the zero detector 362 is provided by the output of an 
inverter 364 whose input is connected to the PX signal. 
The inverted reset input of the comparison detector 362 
is connected to the RSTPCH signal. The comparison 
detector has two outputs, the EQUAL output and the 
EQUALB' signal which indicates that the value pro 
vided from the flip-flop 356 is not equal to 0. The equal 
value is supplied to a register which can be read by the 
local processor 30 to determine if a valid parity opera 
tion has developed or errors have occurred. The 0 value 
is an indication that no error had developed because 
when parity data is XOR'd with identical parity data a 
0 value results. 
The inverted reset input of the flip-flop 356 is pro 

vided by the output of a three input AND gate 366. One 
input to the AND gate 366 is the RSTPCH signal. A 
second input is received from the inverted output of a 
D-type flip-flop. 368. The inverted D input of the flip 
flop 368 is connected to the output of a two input 
NAND gate 370. The inputs to the NAND gate 370 are 
the PARWRR signal and the PXCB signal provided as 
the noninverted output of a D-type flip-flop 388. The 
clocking signal for the flip-flop. 368 is the PRCLK sig 
nal which is provided as the clock signal for the flip-flop 
356. The third input to the AND gate 366 is provided 
by the inverted output of a D-type flip-flop 372. The 
inverted D input of the flip-flop 372 is provided by the 
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output of a two input NAND gate 374 whose inputs are 
the PARDIRB' signal and the PAREN signal. The 
clocking input to the flip-flop 372 is provided by the 
output of an inverter 376 whose input receives the 
D3DGNT signal. 
The inverted set inputs of the flip-flops 360 and 372 

are provided by the output of a two input AND gate 
378. One input to the AND gate 378 is the RSTPCH' 
signal. The other input is connected to the inverting 
output of a D-type flip-flop 380. The inverted clear 
input of the flip-flop. 380 is connected to the RSTI' 
signal output by the inverter 344, while the clocking 
input is received from the output of an inverter 382, 
whose input is connected to the PRCLK signal. The D 
input of the flip-flop 380 is connected to the noninvert 
ing output of a D-type flip-flop. 384. The D input of the 
flip-flop. 384 receives the P0 signal which indicates that 
first transfer buffer block is being accessed. The clock 
ing input to the flip-flop. 384 is produced by the output 
of an inverter 386 whose input receives the 
DACKCLK signal. This output of the inverter 386 is 
also provided by the clocking input of a second flip-flop 
388 whose D input receives the PX signal and whose 
noninverted output develops the PXCB signal. The 
inverted clear inputs of both flip-flops 384 and 388 are 
connected to the RSTPCH" signal. In this way the 
flip-flop 356 is cleared prior to receiving the data from 
the first block during parity operation. If this clearing 
operation were not performed erroneous parity data 
could be developed. 

Addressing information is stored differently in the 
parity channel 90 because four separate blocks can be 
combined by the parity channel 90 for determining 
parity operation. As a result four separate addresses 
must be capable of being stored. The local processor 
data inputs UDI <15... 0> are provided to the inputs 
of four separate 16 bit up counters 400, 402,404 and 406, 
These up counters 400, 402, 404 and 406 represent, 
respectively, parity blocks 3, 2, 1 and 0 in parity channel 
operation. The clocking input for all four up counters 
400-406 is provided by the DACKCLK signal while 
the SETCRY signal is provided to the carry input of all 
four counters 400-406. The inverted load input to the 
counter 406 receives the LD3A signal which indicates 
that the address values for conventional disk DMA 
channel operation of the parity channel 90 is being 
loaded into the parity channel 90. The inverted load 
input for the counter 404 receives the LDPA1" signal 
which is indication that the first additional parity chan 
nel address is being provided. The inverted load input 
of the counter 402 receives the LDPA2" signal, which 
is an indication that the addressing for the second addi 
tional parity channel is being provided. The inverted 
load input signal for the counter 400 is provided by the 
LDPA3' signal which is an indication that the final 
parity address location is being provided. The inverted 
reset input for all four counters 400-406 receives the 
RSTI signal indicating a parity channel reset. 
The count input of the counter 406 is connected to 

the output of a two input AND gate 408. The inputs to 
the AND gate 408 are the P0 and PL signal. The P0 
signal indicates that this particular P0 counter is being 
indicated by the XOR state machine which tracks 
through the four counters 400-406 as appropriate for 
parity operations. The PL" signal is an indication, 
where high, that the state machine will be advancing 
and this is the next to the last parity address. The last 
address is repeated to allow the parity data to be written 
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to the transfer buffer RAM 46 if desired. The count 
input for the counter 404 is provided by the output of a 
two input AND gate 410. The two inputs to the AND 
gate 410 are the PL' signal and the Pl signal which 
indicates that counter 1 is selected. The count input to 
the counter 402 is provided by the output of a two input 
AND gate 412 whose inputs are the P2 and PL signals. 
Similarly, the count input for the counter 400 is pro 
vided by the output of a two input AND gate 414 
whose inputs are the PL" and P3 signals. The outputs of 
the four counters are provided as the four inputs to a 16 
bit 4 to 1 multiplexer 416 whose selection inputs are the 
SP1 and SPO signals, which are a binary encoded ver 
sion of the selected parity address counter. The output 
of the counter multiplexer 416 is the address signal for 
the parity DMA channel 90 and is provided to the mul 
tiplexer which supplies addresses to the transfer buffer 
RAM address bus RA. 
The control logic for the parity channel is similar to 

the control logic for the conventional DMA channel 84, 
86 and 88 except that necessary parity related signals 
and gates have been added. There are a few differences 
relating to the addition of the parity circuitry. The two 
input NOR gate 290' (FIG. 12) which is providing the 
clear signal for the flip-flops 270', 286, 294, 298' and 
302" receives inputs of the output of the two input 
NAND gate 276 and the output of a three input AND 
gate 420. The three inputs to the AND gate 420 are the 
WCODET signal, the WCCLK signal and the 
PARWRR' signal. The input to the first of the transfer 
enable flip-flops 294 is connected to the output of a 
three input NAND gate 422 comparison to the two 
input NAND gate 288 used in the disk DMA channels 
84, 86 and 88. Two of the inputs are connected to the 
inverted output of the flip-flops 270' and 286", with the 
third input being connected to the output of a two input 
NAND gate 424 which receives as an input the nonin 
verted output of the flip-flop. 272" and the PARWRR 
signal. A third difference is that instead of the NOR 
gate 308, a three input NOR gate 427 is used to provide 
the clocking signal to the flip-flop 306". The inputs to 
the NOR gate 427 are the output of a two input AND 
gate 426, whose inputs are the B3ACK and PARENB 
signal; the noninverted output of the flip-flop. 310 and 
the output of a two input AND gate 425, whose inputs 
are the PX and PARWRD signals. Additionally, the 
control circuitry is different in that the clear signal 
provided to the D3DRQ flip-flop 324 is provided by 
the output of a three input NOR gate 428. One input of 
the NOR gate 428 is effectively the RSTPCH signal 
while a second input is provided by the output of a two 
input AND gate 430. The two signals provided to the 
AND gate 430 are the D3ACK signal and the PA 
RENB' signal. The third input to the NOR gate 428 is 
provided by the output of a two input AND gate 432 
which receives the ERDDRQ signal and the DCK 
signal, the output of the inverter 386. Further, the flip 
flop 286" has its D input connected to the PD3DIRB 
signal, while the PD3DIR and PD3DIRB' signals re 
place the DnDIR and DnDIRB' signals to NAND 
gates 304, 312", 318 and 320'. The PD3DIR signal is 
produced as the output of a three input OR gate 285 
(FIG. 11). The three inputs to the OR gate 285 are the 
D3DIR signal and the outputs of two AND gates 287 
and 289. The two inputs to the AND gate 287 are the 
PL and D2ACK signals, while the three inputs to the 
AND gate 289 are the PX and PARWRR signals and 
the output of the OR gate 390. Thus the PD3DIR signal 
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allows the parity channel to change direction so that the 
parity result may be written to the transfer buffer RAM 
46. The PARWRD signal is the output of an inverter 
438 (FIG. 13). The input of the inverter 438 is con 
nected to the output of a two input NAND gate 440 
whose inputs are the PAREN and PARDIRB' signal. 
The output of the NAND gate 440 is also connected 

as one input to a two input NAND gate 442 the output 
of which is connected to one input of a two input AND 
gate 436. The second input of the AND gate 436 is 
inverted and receives the PXB' signal. The output of 
the AND gate 436 is the ERDDRQ signal. The second 
input to the NAND gate 442 is produced as the output 
of a three input AND gate 444. One input to the AND 
gate 444 is provided by the output of a three input 
NAND gate 446 whose inputs are the PARWRR sig 
nal, the XFODET signal and the WCODET signal. A 
second input to the AND gate 444 is provided by the 
output of a three input NAND gate 448 whose input 
signals are the EQUALB" signal which indicates that 
the comparison detector did not determine an equality, 
the EINTEN signal which indicates that the equal de 
termination interrupt is enabled and based on the result 
of the equal comparison, and the PARWRR signal. The 
output of the NAND gate 448 is also provided to the 
input of an inverter 450 whose output is the NTEQINT 
signal, the not equal interrupt signal, which is provided 
to the local processor 30 if desired and not masked. The 
third input to the AND gate 444 is connected to the 
inverted output of a D-type flip-flop 452. The output of 
the AND gate 444 is connected to the inverted D input 
of the flip-flop 452 and the PX signal provides the 
clocking input to the flip-flop 452. The flip-flop 452 has 
its inverted set input connected to the RSTPCH signal. 
As previously indicated the parity channel 90 can 

cooperate with up to four separate transfer buffer seg 
ments for performing parity operations. The desired 
number of parity channels to be utilized is stored in a 
flip-flop 451 (FIG. 15) whose inputs are connected to 
local processor data bus UD and whose clocking input 
receives the LDPC signal, which is an indication of 
the local processor 30 accessing the parity channel reg 
ister. Bits 2 and 3 of the data bus provide the PARC 
NT(1) and PARCNTC0> signals which are binary 
representation of the number of parity blocks or chan 
nels to be utilized in operation. The PARCNTB1 and 
PARCNTB0 signals are, respectively, the inverses of 
the two signals. The flip-flop 451 also contains the 
PARDIR, PAREN and EINTEN values which are 
provided as outputs of the flip-flop 451. The RST1" 
signal, the PAREN signal and the LDPC signal are 
provided as three inputs to a three input AND gate 452 
whose output is the SRST signal. This signal is used to 
reset the state machine used in the parity channel 90 so 
that should this register be rewritten then the state ma 
chine automatically begins operation according to the 
new values. 
The PARCNT (1 d and PARCNT CO> signals are 

connected to the inputs of a two input AND gate 454 
whose output is the PCNT3 signal which indicates that 
four buffers are to be utilized in parity operation. The 
PARCNT (0> signal and the PARCNTB1 signal are 
provided as the input to a two input AND gate 456 
whose output is the PCNT1 signal which indicates that 
two buffers are to be used for parity operations. The 
PARCNT (1 and PARCNTB0' signal are provided 
as the inputs of a two input AND gate 458 whose output 
is the PCNT2 signal, which indicates that three buffers 
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are to be used. The PARCNTB1* and PARCNTBO 
signals are provided as the inputs to a two input NAND 
gate 460 whose output is the PCNT signal and is con 
nected to the input of an inverter 462 whose output is 
the PCNT0 signal which indicates that only a single 
buffer is to be used. Thus if the parity operation is not 
enabled, the SRST signal is always low and therefore 
the state machine never advances. The parity channel 
90 works in such a way that the last of the buffers being 
utilized receives the parity information if the parity 
information is being written to the transfer buffer mem 
ory 46. Thus in some cases when parity operations are 
being performed the last buffer must receive two suc 
cessive accesses during transfers to the buffer RAM 46 
and thus the state machine should not advance under 
those conditions. 
The state machine is developed using four D-type 

flip-flops 470, 472, 474 and 476. Additionally, a fifth 
D-type flip-flop 478 indicates that a redrive to the previ 
ous channel is required. The set input to the PO flip-flop 
470 and the clear input to the remaining four flip-flops 
are inverted and receive the SRST signal to reset oper 
ation to the first buffer. The clock for all five flip-flops 
470-478 is provided by the DACKCLK signal. The D 
input of the P0 flip-flop 470 is connected to the output 
of a two input NAND gate 480 whose inputs are the 
PXB' signal and the PCNT0 signal. Thus if parity 
operation is enabled and only one buffer is being utilized 
then the state machine stays at PO. The output of the PO 
flip-flop 470 is the PO signal. 
The D input of the P1 flip-flop 472 is connected to the 

output of a two input NAND gate 482. One input to the 
NAND gate 482 is provided by the output of a two 
input NAND gate 484 whose inputs are the PO signal 
and the PCNTO' signal. This NAND gate 484 is used to 
advance the state machine from pointing to buffer 0 to 
point to buffer 1. The second input to the NAND gate 
482 is provided by the output of a three input NAND 
gate 486 whose inputs are the P1 signal, the PCNT1 
signal and the PXB' signal. This NAND gate 486 is 
used to keep the state machine at the state indicating 
that P1 buffer is being accessed in case only two buffers 
are being used in the parity operation. The D input to 
the P2 flip-flop 474 is connected to the output of a two 
input NAND gate 488. The first input to the NAND 
gate 488 is provided by the output of a two input 
NAND gate 490 whose inputs are the P1 and PARC 
NT(1) signal. This NAND gate is used to transfer 
from state P1 to state P2. The second input to NAND 
gate 488 is provided by the output of a three input 
NAND gate 492 whose inputs are the P2 signal, 
PCNT2 signal and the PXBs signal. This NAND gate 
term is used to keep the state machine pointing to the P2 
buffer for write to transfer buffer RAM 40 operations. 
The D input to the P3 flip-flop 476 is connected to the 
output of a two input NAND gate 494. One input to the 
NAND gate 494 is provided by the output of a two 
input NAND gate 496 whose inputs are the P2 signal 
and the PCNT3 signal. The second input to the NAND 
gate 494 is provided by the output of a three input 
NAND gate 498 whose inputs are the P3 signal, the 
PCNT3 signal and the PXB' signal. Thus the state 
machine successively counts through the number of 
buffers enabled and repeats the last buffer enable before 
recycling to the first buffer. 
The PXB' signal is produced by the inverting output 

of the PX flip-flop 478, the noninverting output of 
which is the PX signal. The D input of the flip-flop 478 
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is connected to the output of a three input NAND gate 
500. One input to the NAND gate 500 is connected to 
the output of a two input NAND gate 502 whose inputs 
are connected to PXB' signal and the PCNT0 signal. 
The second input to the NAND gate 500 is connected 
to a three input AND gate 504 whose inputs are the 
outputs of the NAND gates 486, 492 and 498. The third 
input to the NAND gate 500 is provided by the output 
of a two input OR gate 506. One input to the OR gate 
506 is a PARDIR signal so that if data is to be written 
to the transfer buffer RAM 46 the output is high. The 
second input to the OR gate 506 is provided by the 
output of a three input NOR gate 508. One input to the 
NOR gate 508 is provided by the output of a two input 
AND gate 510. The inputs to the AND gate 510 are the 
P2 and PCNT3 signals. The second input to the NOR 
gate 508 is provided by the output of a two input AND 
gate 512. The inputs to the AND gate 512 are the P1 
and PCNT2 signals. The third input to the NOR gate 
502 is the output of a two input AND gate 514, whose 
inputs are P0 and PCNT1 signal. Thus the PX signal 
goes high when it is time to use the final buffer a second 
time for the write to transfer buffer RAM 46 operation. 
The output of the three input NOR gate 508 is also 

connected to one input of a two input NOR gate 516. 
The second input to the NOR gate 516 is connected to 
the PARDIRB signal, the inverted PARDIR signal. 
The output of the NOR gate 516 is provided to the D 
input of a D-type flip-flop 518 whose noninverted out 
put is the PL signal, whose inverted output is the PL" 
signal and which is clocked by the DACKCLK signal. 
The inverted clear input of the flip-flop 518 is con 
nected to the SRST signal. The SPO and SP1 signals 
used to control the address multiplexer 416 are pro 
duced by two D-type flip-flops 520 and 522. The clock 
ing inputs to both flip-flops 520 and 522 receive the 
DACKCLK signal while the inverted clear inputs re 
ceive the SRST signal. The D input to the SP0 flip 
flop 520 receives the output of a two input OR gate 524 
which has its inputs connected to the outputs of the 
NAND gates 482 and 494. The D input to the flip-flop 
522 is connected to the output of a two input OR gate 
526 whose inputs are connected to the outputs of the 
two input NAND gates 488 and 494. 
FIGS. 22A, 22B, 22C, 22D, 23A, 23AA, 23B, 23BB, 

24A, 24B, 25A, 25B, 25C and 25D illustrate the manner 
in which the disk DMA channels 84, 86, 88 and the 
parity channel 90 can be utilized in transferring data 
between the transfer buffer RAM 46 and the disk drive 
array A or parity data back to the transfer buffer RAM 
46. The various transfers are developed by having the 
local processor 30 appropriately program the transfer 
controller 44, particularly the parity channel or XOR 
channel 90, to perform the operations. The timing of the 
parity channel 90 is such that parity operations from the 
buffer RAM occur at a very high rate, ultimately in 
successive cycles of the CLK signal if no other re 
questor or requesting access to the transfer buffer RAM 
46. The RAM parity operations are done at high speed 
in a very short period of time without the need for the 
local processor 30 to perform operations other than 
simply setting up the parity channel 90 for operation 
and enabling its operation. This dramatically increases 
the speed of the parity operation used in the disk array 
controller D according to the present invention. 
FIG. 16 illustrates in more detail the various blocks 

used in developing the disk controller 72. A disk clock 
block 550 receives the CLK signal and produces two 
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clock signals, the CHCLK signal which advances the 
DMA channel having rights to access the disk array A 
and the CMDCLK signal which supplies the proper 
strobe pulse timing for use over the disk address and 
control bus DAC. The CHCLK signal is supplied to the 
disk state machine 552 which, with inputs of the local 
microprocessor request signal UREQ and the parity 
channel request signal D3REQ, cycles through the 
various disk channel requesters to determine which 
requester has access to the disk array A. The disk con 
troller 72 also includes a register 554 for receiving data 
from the local processor data bus UDI for masking off 
interrupts received from the various disk drives in the 
drive array A. This interrupt block 554 receives the 
various interrupts and combines them with the masking 
signals to produce an interrupt signal referred to as 
DRPLINT, which combined is with the various inter 
rupts produced by the disk channels 84, 86, 88 and 90 to 
form interrupt request signal presented to the local 
processor 30. 
A register 556 is provided for the local processor 30 

to communicate directly with the disk drive array so 
that command information and status information can 
be provided to and received from the particular disk. 
This register 556 includes the appropriate registers and 
latches to select a particular disk and provide a particu 
lar register address to the selected disk. This register 
block 556 contains the direction information of the 
transfer, that is, whether data is to be written to the disk 
drive or read from the disk drive as indicated by the 
UDDIR signal. 
A register 558 is provided to store direction value and 

appropriate disk drive requested for each disk channel 
84-90. Additionally, a register 560 is provided for mask 
ing the interrupts provided by the disk channels 84-90 
having an output of the DMASK <3 . . . 0> signals, 
which are provided to the appropriate disk channel to 
mask off interrupts from that channel. Additionally, this 
register 560 contains the SETCRY register bit for the 
developing of that signal. A disk register address multi 
plexer 562 is provided to address the data register, 
which has an address of 0, during disk channel opera 
tions and to allow the register indicated in the direct 
register to be accessed under local processor 30 control. 
A data multiplexer 564 is provided to multiplex the data 
signals from the various disk channels 84-90 and the 
local processor channel 82 to the disk array data bus 
DD. The multiplexer 564 is driven by the signals pro 
vided by the state machine 552 to select the appropriate 
input. A multiplexer 566 is provided, and will be de 
scribed in more detail, for selecting the device select, 
command strobe, acknowledgement signal and other 
signals used in communicating with the disk array A. A 
disk interrupt multiplexer 568 is provided so that based 
on input received from the disk channel device register 
558, the interrupts received from the disks can be routed 
to the appropriate disk channel 84-90 for receipt and for 
triggering operation of the transfer operations. 
The clock circuitry 550 is shown in detail in FIG. 18. 

The CLK signal is used to clock a series of D-type 
flip-flops 580, 582, 584,586 and 588. The CLK signal is 
also provided to an inverter 590 whose output is con 
nected to the clocking input of a D-type flip-flop. 592. 
The RSTI signal is provided through two inverters 
594 and 596 to the inverted clear inputs of the flip-flops 
580-588 and 592. The D input to the flip-flop 580 is 
provided by the output of a two input AND gate 598. 
One input of the AND gate 598 is provided by the 
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inverted output of the flip-flop 584 while the other input 
to the AND gate 598 is provided by the output of an 
inverter 600, whose input is connected to the inverted 
output of the flip-flop 586. The noninverted output of 
the flip-flop 580 is provided as one input to a 2 input 5 
AND gate 602 whose second input is the output of the 
inverter 600. The output of the AND gate 602 is pro 
vided to the D input of a the flip-flop 582, whose nonin 
verted output is connected to the one input of a 2 input 
AND gate 604. The second input of the AND gate 604 10 
is provided by the connected to the inverter 600. The 
output of the AND gate 604 is connected to the D input 
of the flip-flop 584. The noninverted output of the flip 
flop 584 is connected to one input of a 2 input NAND 
gate 606. The other input of the NAND gate 606 is 15 
connected to the output of the inverter 600. The output 
of the NAND gate 606 is provided to the D input of the 
flip-flop 586. The noninverted output of the flip-flop 
586 is the CHCLK signal. 
The output of the inverter 600 is also provided to the 20 

D input of the flip-flop 588. The noninverted output of 
the flip-flop 588 is provided as one input to a 2 input 
AND gate 608, the other input of which receives the 
output of the inverter 600. The output of the AND gate 
608 is provided to the D input of the flip-flop 592. The 
output of the flip-flop 592 is the CMDCLK signal. The 
various wave forms of the CLK, CHCLK and 
CMDCLK signals are shown in FIG. 7. Thus it can be 
seen that the CHCLK signal divides the CLK signal by 
5, in the preferred embodiment to approximately a 4 
MHz signal. The CMDCLK signal has a rising edge 1 
CLK signal cycles after the rising edge of the CHCLK 
signal and a falling edge CLK signal cycle before the 
next rising edge of the CHCLK signal. In this way the 
CMDCLK signal is used to gate command strobes to 
the disk drives and insure that the command signal is 
present sufficiently after a settling time and is removed 
prior to the next requestor being given control of the 
disk channel. 
The disk controller state machine 552 is shown in 

detail in FIG. 17. The state machine 552 controls which 
of the disk channels 84-90 or local processor 30 has 
access to the disk array A. In general, the disk channel 
O-3 or 84, 86 and 88 are rotated so that a different chan 
nel has access every 250 nsec in the preferred embodi 
ment. This is because the cycle time of the particular 
disk drive is 750 nsec and thus by providing this rotation 
the drives can be accessed in an interleaved fashion 
without over stepping the response times or turnaround 
times of a single drive. If the parity channel 90 is also 
transferring information then a four way rotation is 
used. If the local processor 30 desires to transfer infor 
mation with one of the disk drives in the array A, then 
the local processor 30 has priority and is inserted into 
the next available slot in the rotation and the rotation of 55 
the disk DMA channels 84-90 is delayed one slot. A 
series of four paired flip-flops 610 and 612, 614 and 616, 
618 and 620 and 622 and 624 are used to determine the 
present and previous disk DMA channel 84-90 having 
access to the disk array A. A single flip-flop 626 is used 60 
to indicate that the local processor 30 is requesting 
access to the array A. The flip-flops 610-626 are all 
clocked by the CHCLK signal. 
The UREQ signal is connected to an inverter 628 

whose output is the UREQI" signal. Additionally, the 65 
UREQ signal is provided as one input to a 2 input AND 
gate 630 whose output is connected to the D input of 
the flip-flop 626. The inverted output of the flip-flop 626 
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is connected to the second input of the AND gate 630so 
that the local processor 30 can only obtain 1 access to 
the disk array A in succession. The noninverting output 
of the flip-flop 626 is the UDISK signal, while the in 
verted output is also connected to the input of an in 
verter 632 whose output is the UDISKI signal. Various 
combinatorial logic is provided to the D inputs of the 
flip-flops 610, 614, 618 and 622 to advance the state 
machine to the appropriate DMA channel. The logic 
equations are as follows: 

D DDMO = DDM3.REDDDMOI 
+ UREQ1 DDMA2DDMAOI.D3REQI" 
- UDISKI, WDDMA3 
+ UDISK. WDDMA2-D3REQI 
+ UREQISTART 

D DDMA = DDMAOI.UREQI-DDMA11 
-- UDS. DDMao 

DDDMA2= DDMA11.UREQI-DDMA2I 
-- UDS. WooMA 

D. DDMA3= DDMA2F, UREQI-DDMA31 
D3REQ + UDISKID3REQ, WDDMA2 

The first term in the input equation for the flip-flop 
610, the D-DDMAO equation, is used in a normal rota 
tion from the parity channel 90 to the disk channel 84. 
The second term is used to rotate from the third disk 
channel 88 to the first disk channel 84 if the parity chan 
nel 90 is not requesting a transfer. Both of these two 
terms are dependent upon the local processor 30 not 
requesting transfer. The third and fourth terms of the 
equation are used to rotate if the local processor 30 was 
the last user of the disk array A. The final term is used 
upon system reset to start the rotation. 
The equations for the second and third DMA chan 

nels, the D-DDMA1 and D-DDMA2 equations, are 
less complex in that the first term relates to the rotation 
from the previous channel if the local processor 30 is 
not requesting the channel and the second term is used 
if the local processor 30 was the last user of the channel. 
The final equation is used for passing control to the 
parity channel 90 and is the D-DDMA3 equation. 
There are two additional qualifiers in each term and 
indicate that the parity channel 90 must actually be 
requesting a transfer otherwise it is not included in the 
rotation. 
An exemplary transfer in flip-flop 610 and 612 pair 

will be illustrated and described, with the signal trans 
fers for the other three channels being identical. The 
output of the flip-flop 610 is the DDMA0 channel indi 
cating that disk channel 84 is the channel having control 
of the disk array A. The inverting output of the flip-flop 
610 is provided an inverter 632 whose output is the 
DDMAOI signal. The inverting output of the flip-flop 
610 is also connected to the inverting input of the flip 
flop 612. The inverting output of the flip-flop 612 is the 
WDDMA0 signal while the noninverted output is the 
WDDMA0 signal. Thus it can be seen that there is a one 
channel slot delay between the flip-flops 610 and 612, so 
that the previous state is stored and a rotation can prop 
erly continue when the local processor 30 has inter 
rupted the rotation. The RSTI signal is provided to the 
clear input of the flip-flop 610 and the set input of the 
flip-flop 612. 
The START signal is provided as the output of a 2 

input NOR gate 634. One input of the NOR gate 634 is 
provided by the output of a 4 input NAND gate 636. 
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The DDMAOI, DDMA11, DDMA2I", and 
DDMA3' signals are the inputs to the NAND gate 
636. The second input to the NOR gate 634 is provided 
by the output of a four input NAND gate 638. The four 
inputs to the NAND gate 638 are the WDDMAO", 
WDDMA1, WDDMA2 and WDDMA3 signals. 
Thus the start signal is active only when the system has 
just been reset. 
The multiplexer 566 is shown in detail in FIG. 19. 

The five disk requestor acknowledge signals are devel 
oped by the outputs of five AND gates 650, 652, 654, 
656 and 658. One input to each of the AND gates 
650-658 is provided by the output of an inverter 660, 
whose input is connected to the output of a previous 
inverter 662, whose input is connected to the 
CMDCLK signal. The second input to the AND gate 
650, whose output is the DD0ACK signal for DMA/- 
disk channel 0 or 84, is connected to the output of a 
input AND gate 664. The output of the AND gate 664 
is the DDGNTC0> signal and the inputs are the 
DDMA0 and DOREQ signals. Thus when the state 
machine is in a state such that disk channel 84 is ac 
cessed and it is requesting data, then a grant signal is 
indicated and an acknowledgement is prepared. 
The input to the AND gate 652, whose output is the 

DD1ACK signal is provided by the output of a 2 input 
AND gate 666 whose output is the DDGNT <1> 
signal and whose inputs are the DDMA1 and D1REQ 
signals. A two input AND gate 668 has inputs of the 
DDMA2 and D2REQ signals and has an output signal 
which is referred to as the DDGNT (2) signal and is 
connected to the second input of the AND gate 654 
which produces the DD2ACK signal. A two input 
AND gate 670 has input signals of the DDMA3 and 
D3REQ signals, and an output of the DDGNT <3> 
signal, which is connected to the second input of the 
AND gate 656, whose output is referred to as the 
DD3ACK signal. A two input AND gate 672 has inputs 
of the UDISK and UREQ signals to indicate that the 
local processor 30 is requesting access and has received 
a slot. The output of the AND gate 672 is the UDGNT 
signal and is connected to the second input of the AND 
gate 658, whose output is referred to as the UDDACK 
signal to indicate that the local processor disk acknowl 
edge has been granted. 
Two signals DIOR" and DIOW", the read and write 

strobes to the disk drives, and a signal referred to as 
DEN, the enable signal for the disk drives are pro 
duced using the CMDCLK signal. The DIOR' signal is 
produced as the output of a 2 input NAND gate 674. 
One input to the NAND gate 674 is the CMDCLK 
signal and the other input is the output of a 5 to l multi 
plexer 676. The inputs to the multiplexer 676 are the 
direction signals for the various disk channels and local 
processor disk request channel, with the selection being 
based on which channel is granted access. The output of 
the multiplexer 676 is also provided as one input to a 2 
input OR gate 678. The second input to the OR gate 678 
is provided by the output of a second multiplexer 680 
which has inputs of the inverses of the direction signals 
of the five particular disk requestors, with the multi 
plexer selection being based on the grant signals. The 
output of the multiplexer 680 is also provided as one 
input to a 2 input NAND gate 682. The other input to 
the NAND gate 682 is provided by the CMDCLK 
signal. The output of the NAND gate 682 is the 
DIOW signal. The CMDCLK signal is provided as 
one input to a 2 input NAND gate 684 whose other 
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input receives the output of the OR gate 678. The out 
put of the NAND gate 684 is the DEN signal. 
Three 5 to 1 multiplexers 686, 688 and 690 are used to 

multiplex the desired device code for the particular disk 
channel requester. The five grant signals are provided 
as the select inputs to the multiplexers 686-690, with the 
three bit of the device codes as the data inputs. The 
outputs, the CSC2... 0> signals, are supplied to three 
to eight decoders (not shown) which provide a low true 
signal to allow accessing of the proper disk drive which 
has been selected by the particular channel during its 
phase. 
The local processor RAM DMA channel 80 is par 

tially shown in FIG. 20. The RAM address for the data 
for which the local processor 30 is requesting a transfer 
is stored in a 16 bit up counter 700. The 16 bits of the 
local processor data line UDI <15... 0d are provided 
to the D inputs of the counter 700, with the inverted 
load input being connected to the output of a 2 input 
OR gate 702. One input to the OR gate 702 is the 
RBUSY signal. The second input is the LRA' signal 
which is provided based on the address decode and 
timing signals in the local processor control bus UC. 
The inverted reset input of the counter 700 is provided 
by the output of a inverter 704 whose input is connected 
to the RST signal. The count input of the counter 700 is 
connected to the output of a D-type flip-flop 706. The 
input of the D-type flip-flop 706 is connected to bit zero 
of the internal version of the local processor data bus 
UDI<0>. The clocking input to the flip-flop 706 is 
provided by the output of a 2 input OR gate 708. One 
input to the OR gate 708 is the RBUSY signal, while the 
other input is the LRCTR" signal. The LRCTR" signal 
is active low when the local processor 30 is accessing 
the direct to RAM control register. Thus the counter 
700 can be set to repeatedly access the same address or 
can increment to provide a full transfer of information. 
A D-type flip-flop 710 has its D input connected to 

the UDI <12 signal and its clock input connected to 
the output of the OR gate 708. The noninverted output 
of the flip-flop 710 is the URDIR signal, which is the 
direction signal for the transfer with the local processor 
30. The inverted output of the flip-flop 710 is provided 
as one input to a 2 input NAND gate 712. The second 
input to the NAND gate 712 is the UPDACK signal, 
which is also provided to the input of an inverter 714. 
The output of the inverter 714 is connected to the 
clocking input of the counter 700 so that the counter 
700 is clocked each time the local processor 30 receives 
a slot to access the transfer buffer memory 46. The 
output of the NAND gate 712 is buffered and provided 
to the clocking input of a 16 bit flip-flop. 716. The flip 
flop. 716 is used to receive data from the transfer buffer 
RAM 46 and provide it to the local processor 30. To 
this end the D inputs of the flip-flop. 716 are connected 
to the transfer buffer RAM data bus RDI (15 . . . 0. 
and the outputs of the flip-flop. 716 are connected to a 
multiplexer which provides data to the local processor 
data bus UD. The multiplexer is used to provide data to 
the local processor 30 because the local processor 30 
can, in addition to receiving data through this from the 
transfer buffer RAM 46 or the disk array A, also read 
the registers contained in the transfer controller 44. As 
a result, a great number of data signals must be multi 
plexed to the local processor 30, 

Data to be presented to the transfer buffer RAM 46 
from the local processor 30 is stored in a 16 bit flip-flop 
718. The clocking signal for the flip-flop 718 is the 
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LRDATA signal, which is an address decode based on 
the local processor 30 accessing this register. The D 
inputs to the flip-flop 718 are connected to the 16 bits of 
the local processor data bus UDI, while the 16 bits of 
output are connected to the multiplexer which provides 
data to the transfer buffer RAM 46. 
The LRA' signal is provided as one input to a 2 input 

OR gate 720. The other input to the OR gate 720 is 
provided by the URDIR signal. The output of the OR 
gate 720 is provided as one input to a 3 input AND gate 
722. The second input of the AND gate 722 is provided 
by the output of a 2 input OR gate 724. The two inputs 
to the OR gate 724 are the URDIR signal and the 
RRDATA signal, which indicates that the local pro 
cessor 30 is reading information provided from the 
transfer buffer RAM 46 and stored in the flip-flop. 716. 
The third input to the AND gate 722 is provided by the 
output of a 2 input OR gate 726. One input to the OR 
gate 726 is the LRDATA signal, while the second 
input is supplied by the inverted output of the flip-flop 
710. When the local processor 30 writes an address, the 
LRA' signal is asserted and if the URDIR signal is 
configured for a read from the transfer buffer RAM 46, 
a pre-fetch request is generated. 
The output of the AND gate 722 is connected to the 

clocking input of a D-type flip-flop. 728. The D input of 
the flip-flop 728 is connected to a high signal level and 
the noninverted output is connected to one input of a 2 
input AND gate 730. The second input to the AND 
gate 730 is the XUPDRQ' signal. The inverted clear 
input of the flip-flop 728 is provided by the output of a 
2 input AND gate 732. One input to the AND gate 732 
is the XUPDRQ signal, while the other input is the 
output of the inverter 704 which indicates a system 
reset. The output of the AND gate 730 is provided to 
the D input of a D-type flip-flop. 734. The clocking 
input of the flip-flop. 734 is provided by the output of a 
inverter 736 whose input is connected to the CLK sig 
nal. The noninverted output of the flip-flop. 734 is con 
nected to one input of a 2 input AND gate 738, the 
other input of which receives the XUPDRQ' signal. 
The output of the AND gate 738 is connected to the D 
input of a D-type flip-flop 740 whose clocking input 
receives the CLK signal. The output of the flip-flop 740 
is the UPDRQ signal, while the inverted output is the 
XUPDRQ signal. The UPDRQ signal indicates that 
the local processor 30 has a pending request. 
The output of the AND gate 722 is also provided to 

the clocking input of a D-type flip-flop 742. The D 
input of the flip-flop 742 is connected to a high logic 
level while the noninverting output is the RBUSY sig 
nal which is connected to one input of a 2 input AND 
gate 744. The second input of the AND gate 744 is the 
RWAITEN signal which indicates that this is one of the 
locations for which local processor 30 should be held if 
the operation is not ready for the actual operation of the 
local processor 30. The output of the AND gate 744 is 
provided to the D input of a latch 746. The gating input 
of the latch 746 is provided by the output of a 4 input 
AND gate 748. The four inputs to the AND gate 748 
are the LRCTR signal, the LRA' signal, the output of 
the OR gate 724 and the output of the OR gate 726. An 
inverted output of the latch 746 is the RWAIT signal 
which places the local processor 30 in a not ready or 
wait state. 
The inverted clear input of the latch 746 is provided 

by the output of a 2 input AND gate 750, The output of 
this AND gate 750 is also provided to the inverted clear 
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input of the flip-flop 742. One input to the AND gate 
750 is provided by the output of the inverter 704, while 
the other input is connected to the inverted output of a 
D-type flip-flop 752. The inverted clear input of the 
flip-flop 752 is connected to the output of a 2 input 
AND gate 754. One input to the AND gate 754 is con 
nected to the output of the inverter 704 while the other 
input is connected to the inverted output of a D-type 
flip-flop 756. The clock input of the flip-flop 756 is 
connected to the output of an inverter 758 whose input 
is connected to the CLK signal. The clocking input of 
flip-flop 752 is connected to the CLK signal. The D 
input of the flip-flop 756 is connected to the nonin 
verted output of the flip-flop 752, whose D input is 
connected to the noninverting output of a D-type flip 
flop 760. The inverted clear input of the flip-flop 760 is 
connected to the output of the AND gate 750. The D 
input of the flip-flop 760 is connected to a high or logic 
level 1, while the clocking input is connected to the 
output of an inverter 762, whose input is connected to 
the UPDACK signal. The RWAIT signal thus goes 
active when data is not yet available from the transfer 
buffer RAM 46 when reading or the previously written 
data has not yet been written and thus to prevent a 
overriding of data. Thus the local processor 30 has a 
direct access to the transfer buffer RAM 46. 
The local processor disk channel 82 is shown gener 

ally in FIG. 21. The local processor 30 can pass infor 
mation directly to a register in the particular disk drive 
selected in the disk array A. The actual register to be 
selected and the disk drive to be selected is stored in a 
register located in the disk controller 72 as previously 
discussed. The UDDIR' signal, which indicates the 
inverse of the direction of the transfer, is provided to 
one input to a 2 input OR gate 760. The second input to 
the OR gate 760 is the RDDATA signal, which indi 
cates that a data read from the flip-flop 716 has been 
requested. The output of the OR gate 760 is the 
G-RD" signal which is provided to one input of a 2 
input AND gate 762. The second input to the AND 
gate 762 is the GWR signal. The GWR signal is 
provided as the output of a 2 input OR gate 764. One 
input to the OR gate 764 is the UDDIR signal, while the 
other signal is the LDDATA signal which indicates 
that data is being loaded into a flip-flop 778 for tempo 
rary storage before being be written to the disk array A. 
The output of the AND gate 762 is provided to the 
clocking input of a D-type flip-flop 766. The D input to 
the flip-flop 766 is connected to a high level while the 
noninverted output is connected to the D input of a 
D-type flip-flop. 768. The clocking input to the flip-flop 
768 is the UDCLK signal which is provided as the 
output of a inverter 770 whose input is the CLK signal. 
The inverted clear inputs of the flip-flop 766 and 768 are 
provided by the output of a 2 input NOR gate 772. One 
input to the NOR gate 772 is the RST signal while the 
other input is connected to the noninverting output of a 
D-type flip-flop 774. The inverted clear input to the 
flip-flop 774 is connected to the RSTB' signal which is 
low when the system is being reset. The clocking signal 
for the flip-flop 774 is the CLK signal, while the D input 
is connected to the output of a 2 input AND gate 776. 
One input to the AND gate 776 is the REQ-PEND 
signal which indicates that a request is pending, while 
the other input is the REQ-IN signal which indicates 
that request has been received. The REQ-IN signal is 
provided as the noninverting output of the flip-flop. 768. 
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The 16 flip-flop 778 has as its input the 16 bits from 
the local process data bus UDI (15 . . . 0d. The clock 
ing input to the flip-flop 778 is the G-WR' signal while 
the outputs are provided to the multiplexer which mul 
tiplexes data to the disk array A. Thus this is a register 
to which the local processor 30 writes data which is to 
be transferred to the disk array A. 
A 16 bit flip-flop 780 is used to receive the data from 

the disk array A over the disk data bus DD, specifically 
the DDI (15 . . . 0x lines and to provide information 
from the noninverting outputs to the multiplexer which 
provides data to the local processor 30. The clocking 
input to the flip-flop 780 is connected to the output of a 
2 input NAND gate 782. The inputs to the NAND gate 
782 are the UDDACK signal and the UDDIR signal. 
Thus when a read request is pending and the local pro 
cessor 30 receives its slot the data is stored in the regis 
ter 784 pending reading by the local processor 30, 
The REQ-IN signal is provided to the J input of the 

J-K flip-flop 784. The clocking signal for the flip-flop is 
provided by the CLK signal, while the Kinput receives 
the CLRPD signal which is provided as the output of 
a 2 input AND gate 786. The inputs to the AND gate 
786 are the UREQ signal, which indicates the local 
processor 30 request, and the noninverted output of a 
D-type flip-flop. 788. The clocking signal for the flip 
flop 788 is the CLK signal, while the D input receives 
the UREQX' signal. The noninverted output of the 
flip-flop. 784 is the REQ-PEND signal which is pro 
vided to the input of the AND gate 776. The inverted 
output of the flip-flop 784 is the REQ-PEND" signal 
and is provided as one input of a 2 input AND gate 790. 
The second input is provided by the output of a 2 input 
OR gate 792 and is referred to as the PF PEND" sig 
nal. The output of the AND gate 790 is provided to one 
input of a 2 input NOR gate 794. The second input to 
the NOR gate 794 is the UREQ signal. The output of 
the NOR gate 794 is connected to the D input of a 
D-type flip-flop 796. The output of the inverter 770 is 
connected to the clocking input of the flip-flop 796, 
whose inverted clear input is connected to the RSTB' 
signal. Additionally, the inverted clear inputs of the 
flip-flops 784 and 786 are also connected to the RSTB' 
signal. The noninverted output of the flip-flop 796 is 
provided to the Jinput of a J-K flip-flop 798. The clock 
ing input to the flip-flop 798 is the CHCLK signal, so 
that requests are advanced based on a disk channel slot 
allocation. The K input to the flip-flop 798 is the 
UDGNT signal which indicates that access has been 
granted to the local processor 30. The inverted clear 
input to the flip-flop 798 receives the RSTB' signal. 
The noninverted output of the flip-flop. 798 is the 
UREQ signal, while the inverted output is the REQX' 
signal. 
The inputs to the 2 input OR gate 792 are the UD 

DIR" signal and the inverted output of a J-K flip-flop 
800. The inverted clear input to the flip-flop 800 re 
ceives the RSTB signal, while the clocking input re 
ceives the CLK signal. The Kinput to the flip-flop 800 
is connected to the output of a 2 input OR gate 802. One 
input to the OR gate 802 is the CLR-PD signal, which 
is the output of the AND gate 786. The second input to 
the OR gate 802 is the output of a two input AND gate 
804. One input to the AND gate 804 is the UDDIR" 
signal, while the other input is connected to the nonin 
verting output of the flip-flop 800, which is referred to 
as the SY-LD signal. The J input to the flip-flop 800 
receives the PF-IN signal which is provided by the 
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noninverting output of a D-type flip-flop 806. The 
clocking signal for the flip-flop 806 is the UDCLK 
signal while the D input is connected to the noninverted 
output of a D-type flip-flop 808. The D input of the 
flip-flop 808 is connected to a logic level high signal 
while the clocking input is connected to the 
LDDACTR" signal which is an indication that the 
processor has loaded a device address into the register 
in the disk controller 72. The inverted clear inputs of 
the flip-flops 806 and 808 are provided by the output of 
a 2 input NOR gate 810. One input of the NOR gate 810 
receives the RST signal while the other input is con 
nected to the output of a D-type flip-flop 812. The . 
inverted clear input to flip-flop 812 receives the RSTB' 
signal, while the clocking input is connected to the 
CLK signal. The D input of the flip-flop 812 is con 
nected to the output of a 2 input AND gate 814. The 
inputs to the AND gate 814 are the PF-IN signal and 
the SY-LD signal. 
A wait signal is also produced by the local processor 

disk channel 82 so that should the local processor 30 try 
to access the data ports 778 and 780 before the data has 
obtained or before it is written to the disk array A, the 
processor 30 is held until the previous operation is com 
pleted so that valid data is ready or valid data is not 
over written, The DWAIT" signal is produced at the 
inverting output of a latch 820. The D input to the latch 
820 is connected to the output of a 2 input AND gate 
822. One input to the AND gate 822 is the DWAITEN 
signal which indicates that the local processor 30 is 
trying to access one of the two data registers 780 or 778. 
The second input to the AND gate 822 is the DBUSY 
signal which is produced as the output of a three input 
NAND gate 824. The three inputs to the NAND gate 
824 are the UREQX' signal, the PF PEND signal, 
and the REQ-PEND" signal. The gating input of the 
latch 820 is connected to the output of a three input 
AND gate 826. The three inputs to the AND gate 826 
are the GRD" signal, the LDDACTR" signal and the 
G-WR' signal. Therefore the output of the latch 820 is 
active whenever an access is made to one of the regis 
ters associated with the disk channel 82. 
The inverted clear input to the latch 820 is provided 

by the inverted output of a D-type flip-flop 828. The 
inverted clear input to the flip-flop 828 is connected to 
the RSTB' signal, while the clocking input receives the 
CLK signal. The D input of the flip-flop 828 is con 
nected to the noninverted output of a D-type flip-flop 
830. The D input of the flip-flop 830 is connected to a 
logic level high signal with a clocking input provided 
by the output of an inverter 832 whose input receives 
the UDDACK signal. The inverted clear input of the 
flip-flop 830 is provided by the output of a 2 input AND 
gate 834. One input to the AND gate 834 is the RSTB 
signal, with the other input connected to the inverting 
output of the flip-flop 828, the signal being referred to as 
the CLR-WAIT signal. Thus the wait state cleared 
whenever the disk array and disk controller have ac 
cessed the particular data port of interest. 
The detailed schematics of the BMIC channel 76 and 

the compatibility port channel 78 have not been pro 
vided but based on the indicated and provided schemat 
ics and details relating to the particular bus master inter 
faces similar DMA controller channel and logic can be 
readily developed. 
Thus the disk array controller D of the present inven 

tion provides both a very efficient and high speed 
method of transferring data between the disk array A 



nents, circuit 
contacts, as well as in the details of the illustrated cir 

which of said means for data transfer with the disk 

5,206,943 
29 

and the host computer system under control of the local 
processor 30, allowing efficient parity operations which 
do not require large amounts of processor time, either 
by the local processor 30 or the host system, 
The foregoing disclosure and description of the in- 5 

vention are illustrative and explanatory thereof, and 
various changes in the size, shape, materials, compo 

elements, wiring connections and 

cuitry and construction may be made without departing 10 
from the spirit of the invention. 
We claim: 
1. A disk data controller in a computer system for 

transferring data with a plurality of individual disk 
drives forming a disk array in a computer system, corn 
prising: 

buffer memory for storing data to be transferred to or 
transferred from the disk drives in the disk array; 

a plurality of means for controlling data to be trans 
ferred to or transferred from the disk drives in the 20 
disk array; 

means coupled to the disk array and said plurality of 
means for controlling data transfer with the disk 
drives for selecting which of said plurality of 
means for controlling data transfer with the disk 25 
drives may transfer data with the disk drives in the 
disk array and for passing said data between said 
selected means for controlling data transfer with 
the disk drives and the disk drives in the disk array; 
and 

means coupled to said buffer memory and said plural 
ity of means for controlling data transfer with the 
disk drives for selecting which of said plurality of 
means for controlling data transfer with the disk 
drives may transfer data with said buffer memory 35 
and for passing data between said selected means 
for controlling data transfer with the disk drives 
and said buffer memory. 

2. The controller of claim 1, further comprising: 
a microprocessor coupled to said plurality of means 

for controlling data transfer with the disk drives 
for providing transfer information to said plurality 
of means for controlling data transfer with the disk 
drives. 

3. The controller of claim 2, wherein said micro 
processor is further coupled to said means for selecting 
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which of said means for data transfer with the disk 
drives may transfer data with said buffer memory and 
wherein said means for selecting which of said means 
for data transfer with the disk drives may transfer data 
with said buffer memory includes said microprocessor 
in the selection of the means which transfer data with 
said buffer memory. 

4. The controller of claim 2, wherein said micro 
processor is further coupled to said means for selecting 55 
which of said means for data transfer with the disk 
drives may transfer data with the disk drives and 
wherein said means for selecting which of said means 
for data transfer with the disk drives may transfer data 
with the disk drives includes said microprocessor in the 
selection of the means which transfer data with the disk 
array. 

5. The controller of claim 4, wherein said micro 
processor is further coupled to said means for selecting 

6S 

drives may transfer data with said buffer memory and 
wherein said means for selecting which of said means 

30 
for data transfer with the disk drives may transfer data 
with said buffer memory includes said microprocessor 
in the selection of the means which transfer data with 
said buffer memory. 

6. The controller of claim 5, wherein each of said 
plurality of means for controlling data transfer with the 
disk drives includes means for providing an address to 
said buffer memory. 

7. The controller of claim 6, wherein said means for 
providing an address increments the address each time 
said means for controlling data transfer with the disk 
drives is selected to transfer data with said buffer mem 
ory. 

8. The controller of claim 1, further comprising: 
means coupled to the computer system and to said 

buffer memory for transferring data between said 
buffer memory and the computer system. 

9. The controller of claim 8, wherein said means for 
selecting which of said means for data transfer with the 
disk drives may transfer data with said buffer memory 
includes said means for transferring data between said 
buffer memory and the computer system in the selection 
of the means which transfer data with said buffer mem 
ory. 

10. The controller of claim 1, wherein each of said 
plurality of means for controlling data transfer with the 
disk drives includes means for providing an address to 
said buffer memory. 

11. The controller of claim 10, wherein said means for 
providing an address increments the address each time 
said means for controlling data transfer with the disk 
drives is selected to transfer data with said buffer mem 
ory. 

12. The controller of claim 1, wherein one of said 
plurality of means for controlling data transfer with the 
disk drives includes means for developing parity data 
related to other data contained in said buffer memory to 
be transferred to the disk drives. 

13. The controller of claim 12, wherein said means for 
controlling data transfer with the disk drives which 
includes said means for developing parity data further 
includes means for storing a plurality addresses of said 
buffer memory relating to said other data contained in 
said buffer memory. 

14. The controller of claim 13, wherein said means for 
controlling data transfer with the disk drives which 
includes said means for developing parity data succes 
sively accesses said buffer memory at each of said plu 
rality of addresses. 

15. The controller of claim 14, wherein said means for 
controlling data transfer with the disk drives which 
includes said means for developing parity data performs 
an XOR operation on the data received from said buffer 
memory with each access. 

16. The controller of claim 15, wherein said means for 
controlling data transfer with the disk drives which 
includes said means for developing parity data further 
includes means for providing the result of said XOR 
operation to said buffer memory at the last of said plu 
rality of addresses. 

17. The controller of claim 15, wherein said means for 
controlling data transfer with the disk drives which 
includes said means for developing parity data further 
includes means for indicating if the result of said XOR 
operation is zero. 


